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0 Colony-stimulating factor derfvattves. 

0 Novel protetns possessing substantially the sanne b*oiogtcat activity as human GM-CSP. as well as proteins 
having a higher specific activity than native human GM-CSP are disclosed. The proteins may (a) be un- 
glycosylated: (b» lack N-imked glycosyiation but have O-imked giycosylation; or (c) lack one of the two N-iinked 
carbohydrate chains characienstic of native human GM-CSF The proteins are produced using recombinant ONA 
techniques m eucaryotic host cells, such as mammalian, yeast, and filamentous fungal host cells. Pharmaceuti- 
cal compositions including an effective amount of one of the proteins of the invention and a ohystologicatiy 
^acceptable earner or diluent are also disclosed. 
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Portions of this work were supported by National Institutes of Health Grants CA-3I6I5 and Al 22772. 

Tachnical Field 

s 

The present invention relates to the production of proteins in general, and more specifically, to novel 
proteins having activities similar to human granulocyte macrophage colony-stimulating factor. 

w Background Art 

Colony-stimulating factors (CSFs) are acidic glycoproteins required for the survival, proliferation and 
differentiation of hematopoietic progenitor cells in culture (Burgess and Metcalf. Blood 56: 947-958. 1980) 
Functionally, the various CSFs are defined by the type of hematopoietic coionT^d^ced in semisolid 

'5 culture. Hence, granulocyte-macrophage colony-stimulating factor (CfW-CSF) stimulates the growth of 
progenitors which give rise to colonies containing granulocytes, macrophages, or a combination of both cell 
types (Wong et all. Science 228: 810-815. 1985). In addition to Giy/I-CSF. granulocyte CSF (G-CSF or CSF^) 
macrophage CSF (IVI-CSF or CSF-l) and multi-CSF (or 11-3) have been characterized and cloned from' 
human sources (Souza et al.. Science 232: 61-65. 1986: Kawasaki et al.. Science 230: 291-296. 1985 Yang et 

10 al.. Cell 47: 3-10. 1986). """"" — 

The colony-stimulating factors are proteins of diverse physiologic function. Kaushansky et al. (Proc 
Natl, Acad, Sci, USA 83: 3101-3105. 1986) and others (Emerson et al.. J, Clin. Invest. 76: 1286-1290 1985) ha^le 
found that recombinant human GM-CSF (hGM-CSF) expressed in COSTTells stimulates not only 
neutrophilic, eosinophilic and monocyte-macrophage progenitor cells, but also megakaryocyte colony. 

2i forming cells and. in the presence of erythropoietin, erythroid and mixed erythroid-nonerythroid coiony- 
formmg cells. Further. hGM-CSF has been shown to stimulate mature neutrophils to localize at sites of 
inflammation (Weisbart et al.. Nature 314: 361-363. 1985). mature eosinophils and monocytes to become 
activated and to enhance their killing of helminths (Handman and Burgess. J Immunol 122 II34-II37 1979- 
Vadas et al.. Blood 61: 1232-1241. 1983). and mature monocytes and microohlg^T^h^e phagocytosis 

30 and tumor cell killing (Grabstem et al.. Science 232: 506-508. I986). In addition to these m vitro activities 
^tTZ^m'^^eZsU^^^^^ ^ ^ ^emoto^;.5S:?<0onahue 

Human GI^-CSF is functionally distinguishable from human G-CSF or piunpoietin (Weite et al Proc 
Natl, Acad, So. USA 82: 1526-1530. 1985). human M-CSF (Kawaski et al. Science 230 291-296 1985) 

n called CSF-l. and from human multi-CSF (Yang el al.. Cell 47 3-10. i986niirk7S"wn as IL-3 GM-CSF 
stimulates erythroid. eosinophilic, neutrophilic, monocytic and megakaryocytic ceils, but does not stimulate 
mast cell colon.es and is specific for human cells. In contrast, human M-CSF. a heterodimer of about 44 
kOa. stimulates monocyte macrophage colony formation almost exclusively: human G-CSF stimulates 
onmarily the formation of neutrophilic but not eosinophilic colonies, stimulates erythroid and mixed 

.0 erythroid non-erythroid colony formation only at a ten-foider higher concentration than is required for 
!fnnjiation of granulocyte or granulocyte macrophage colony formation, and also stimulates murine 
neutrophilic colony formation: and human multi-CSF stimulates mast cell colony formation 

Recombinant CM-CSF has been produced m several systems. E.Mampies of such systems are found m 
the disclosures of (a) Golde et al. (U S Patent 4.438.032) which describes the production of human GM- 

.5 CSF in E. coh using a cDNA derived from the Mo cell line: (b» EP 183.350 and Grabstem et al (ibid) which 
sescribe the production of human GM-CSF m yeast: (ci PCT Application WO 8504188. which describes a 
cOfviA-encoding murine GM-CSF which can be expressed m bacterial and mammalian host relis and (d) 
PCT Aophcation WO 8603225 and PCT Application 8600639. both of which describe the production of 
fecomcmant human GM-CSF m E. coli and other host cells. 

10 Prior to the availaDihty o( "recombinant human GM-CSF. many studies were conducted on the 
corroscondinq murine protein Human and murine GM-CSFs are 60», homologous (Wong el al .bid) but 
'he mouse protem neither binds to nor stimulates human granulocyte or macrophage progenitor cells 
iMetcail. Soenco 229' 16-22. i985. Murme GM-CSF has also been produced by Sparrow et al (Proc Natl 

Acaa Sci_ USA 82. 292-296. i985. and OeLamarter et al. ( EMBO J 4 2575-2581. 1985) ' ' 

Or,SD,fe the growing body of knowledge surrounding the m £fr5. and now ;n v^. physiology of hGM- 
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CSF. little is known about the structural features responsible for the various functional properties of the 
growth factor. For example. CSPs are heavily glycosylated molecules. However. Donahue at al. ( Nature 321 : 
872-875. 1986) studied unglycosylated GM-CSF produced in E coli and concluded that the lack of 
carbohydrate had little effect on in vitro activity. In addition. Wong et al. ( Cancer Cells 3: 235*241. Cold 

3 Spring Harbor Laboratory. New Yorit, 1985) observed that natural and recombinant GM-CSFs exhibit varying 
molecular weights between IS KO and 28 KO. They attributed this to differential carbohydrate addition or 
differential cart)ohydrate loss m purification, but detected no differences in specific activity or biological 
properties of the various fractions. Further, it has recently been reported that QM-CSF which lacks all 
carbohydrate failed to support erythroid progenitor cell proliferation (Burgess et al.. Blood 84: 43*51. 1987). 

fo The physiological role of the carbohydrate moieties of glycoproteins remains unclear. Ashwell and 
Morreil ( Adv. Enzymol. Relet. Areas Mol. Biol. 41: 99-128. 1974) suggested a variety of functions for 
carbohydrate, including enhanced survival in the circulation, augmentation of binding to plasma proteins for 
transport, or enhancement of protein solubility. Hoffman et al. (J. Clin. Invest. 75^ II74-II82. 1985) found that 
deglycosylatton of megakaryocyte colony stimulating factor b7 treatment with trifluoromethane sulfonate 
resulted in a loss of biological activity. Similarly. Sairam and Bhargavi ( Science 229 : 65*67. 1985) found that , 
the carbohydrate moieties of the alpha subunit of glycoprotein hormones are involved in the transduction of 
the biological signal into cells. 

In general. GM-CSF can be used within a variety of clinical applications where tfie proliferation of 
responsive cell types is desired. These applications include chemotherapy and bone marrow transplan* 
20 tation. However, in light of the uncertainty characteristic of the prior art. it wouk) be advantageous to 
develop a more consistent method for producing proteins exhibiting activities similar to native human GM* 
CSF. and to develop such proteins which possess higher specific activity than the native molecule. The 
present invention fulfills this need, and further provides other related advantages. 

2$ 

Disclosure of the Invention 

Briefly stated, the present invention discloses a variety of unique proteins that possess substantially the 
same biological activity as human GM-CSF. as welt as proteins that have a higher specific activity than 
30 native human GM-CSF. In one aspect of the present invention, the proteins are unglycosylated, while in 
another aspect, the proteins tack N-tinked giycosyiation but have 0-iinked glycosylation. In yet another 
aspect, the proteins lack one of the two N-iinked carbohydrate chains characteristic of native human GM* 
CSF. 

Within particular embodiments described hereinafter, proteins are disclosed having (a) the amino acid 
as sequence of Figure I. starting with alanine. numt>er I8. and ending with glutamate. number 144: (b) the amino 
acid sequence of Figure 2. starting with alanine, number 18. and ending with glutamate. number 144: and (c) 
the amino acid sequence of Figure 3. starting .th alanine, number 18. and ending wtth glutamate. number 
144. DNA sequences encoding these proteins are also disclosed. 

In a related aspect of the present invention, methods are disclosed for producing the proteins descht)ed 
40 herein. Briefly, the methods comprise (a) introducing into a eucaryotic host cell an expression unit 
comprising a promoter followed downstream by a ONA sequence encoding one of the proteins disclosed 
herein: (b) growing the eucaryotic host cell in an appropnate medium; and (c) isolating the protein product 
encoded by the ONA sequence and produced by the eucaryotic host cell. Suitable eucaryotic host cells in 
this regard include mammalian, insect, yeast and filamentous fungal host cells. 
.'4 Yet another aspect of the present invention discloses pharmaceutical compositions comprising an 
effective amount of one of the proteins described herein, and a physiologically accceptable carrier or 
diluent. 

These and other aspects of the present invention will become evident upon reference to the following 
detailed description and attached drawings. 

50 

Bnef Description of the Drawings 

Figure I illustrates the ammo acid sequence of a GM*CSF lacking N-iinked carbohydrate, together 
55 with the nucleotide sequence encoding the protein. The mature protein begins with ammo acid I8 (Ala). 
Asterisks indicate the locations of the altered codons. 
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Figure 2 illustrates the amino acid sequence of a QM*CSP lacking N-linked carbohydrate and 0- 
linked cartxshydrate. together with the nucleotide sequence encoding the protein. The mature protein begins 
with amino acid 18 (Ala). 

Figure 3 illustrates the amino acid sequence and encoding nucleotide sequence of a QM-CSF lacking 

9 th N-iinked carbohydrate at amino acid 44. The mature protein begins with amino acid 18 (Ala). 

Figure 4 illustrates the construction of the expression vector pOX. Symbols used are E. the SV40 
enhancer: on. the 0*1 map units from adenovirus 5; Ad2 MLP. the major late promoter from adenovirus 2; U* 
3. the adenovirus 2 tripartite leader sequence: S'ss. S' splice site: 3'ss. 3* splice site: pA. the SV40 
poiyadenylation signal: . the deletion region of the pBR322 "poison** sequences. 

10 Figure 5 shows a Western blot of native and mutant forms of recombinant human QM^SF produced 
in COS-l cells. Proteins were si2e-fractionated by SOS-Page, transferred to nitrocellulose, probed with a 
human GM-CSF-speciftc antiserum, and devetoped with a goat anti-rabbit biotin*avtdin*peroxidase complex. 
Une I. HPLC-puriried native GM-CSF: lane 2. native GM*CSF: lane 3. QM*CSF lacking N-linked carbohy 
drates: lane 4. GM-CSP lacking 0-linked carbohydrate: lane 5. QM-CSF lacking alt cart)ohydrate: lane 6. 

rs GM*CSF from which carbohydrate was removed by enzymatic means; lane 7. molecular weight markers. All 
lanes contain an equal number of biologically active units of GM-colony-stimulating activity except lane 3. 
which contains one-half as many units. 

Rgures 6A. B and C illustrate the results of pharmacokinetic studies of recombinant GM-CSFs in 
baboons. 

20 

Best Mode for Carrying Out the Invention 

Prior to setting forth the invention it may be helpful to an understanding thereof to set forth definitions of 
2$ certain terms to be used hereinafter. 



Biological Activity: 

30 A function or set of functions performed by a molecule in a biological context (i.e.. in an organism or an 
in vitro facsimile). For human GM-CSF. biological activity is characterized by the stimulation of the 
proliferation and differentiation of certain hematopoietic progenitor cells. Human GM*CSF stimulates the 
formation of neutrophilic, eosinophilic, monocytic and megakaryocytic cells, as well as erythrotd cells in the 
presence of erythropoietin. 

Specific Activity: 

A quantitative description of the biological activity associated with a protein m terms of activity per unit 
-to mass. For native human GM-CSF. specific activity has been determined to be in the range of 4-8 x 10' 
units mg. Within the present invention, the phrase **higher specific activity" is defined to include those 
proteins exhibiting a specific activity greater than about 4 x lO' units mg. 



js Expression Unit: 

A ONA construct comprising a primary nucleotide sequence encoding a protein of interest, together 
with other nucleotide sequences which direct and control the transcnption of the pnmary nucleotide 
sequence. An expression unit includes at least the primary nucleotide sequence and a promoter sequence 

90 located upstream from and operably linked to the pnmary nucleotide sequence. Additional genetic elements 
may also be included to enhance efficiency of expression. These elements include a transcription 
terminator, a poiyadenylation signal, enhancer sequences, leaders, and RNA splice sites. 

The novel proteins of the present invention can be used m various clinical applications where the 
proliferation of responsive cell types is desired. These applications include chemotherapy, where recov ry 

55 from cytoxic drug-mduced leukopenia may be speeded through the use of these proteins, which may allow 
more intensive use of such therapy. Treatment with these proteins may also permit more frequent use of 
myelotoxic drugs, speed recovery from bone marrow ablation during marrow transplantation and improve 
leukocyte production in states of marrow hyperproliferation. such as aplastic anemia. Furthermore. 
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neutrophil production in persons being utilized as white blood cell donors may be enhanced. These proteins 
may also be used to enhance nonspecific host defense mechanisms in patients with overwhelming 
bacterial, fungal or parasitic infections, or in patients with non-responsive cancers* Certain proteins of the 
present invention are even more advantageous over the naturallyoccurnng QM-CSF due to their higher 

s specific activities. This enhanced activity may allow the use of less material per patient per dose* which can 
be expected to reduce undesirable side effects, such as capillary leak syndrome, which has been observed 
with therapeutic use of recombinant native GM-CSF (Brandt et al.. Blood 70. Suppl. I. i3la. 1987. 

For administration to patients, the purified proteins of the present invention are mixed with a phar* 
maceutically acceptable carrier or diluent in accordance with routine procedures. Typically, such composi* 

to tions will compnse a solution in sterile 5% dextrose or physiological saline and will be tested for sterility 
and verified to be free of endotoxin contamination, e.g.. by the Limulus amoebocyte assay system. 
Therapeutic formulations will be administered by intravenous infusion or by sutKutaneous injection. The 
formulations can also contain, if desired, other therapeutic agents. Dosages will be determined based upon 
the characteristics of the patient and the nature and severity of the condition being treated, as will be 
evident to and within the skill of those in the art. 

Most previous attempts at producing unglycosyiated GM-CSF have relied on the use of prokaryotic host 
cells which add neither N-linked nor 0*iinked glycosylation. The resultant proteins therefore contain an extra 
amino*terminal methionine residue. This methionine may be recognized as foreign by the human body or 
may otherwise affect the activity of the protein. In contrast, the present invention provides an un* 

so glycosylated protein or a protein lacking N-linked glycosylation but having 0*iinked glycosylation. or a 
protein lacking one of the two N-tinked carbohydrate chains characteristc of native human GM^SF. the 
proteins being produced in transfected mammalian celts. These proteins have the biological activity of 
natural human GM-CSF. and may have a higher specific activity. Furthermore, the proteins of the present 
invention do not have an amino-terminal methionine. 

25 The proteins of the present invention are produced by expressing mutagenized ONA sequences in 
transfected or transformed host cells. 

cONA sequences encoding GM-CSF may be obtained from cONA libraries by conventional procedures 
(eg., that of Wong et al.. ibid). Alternatively, the cDNA may be obtained as described herein from 
transfected mammalian cells expressing the cloned human GM-CSF gene. A human GM«CSP genomic 

00 clone is disclosed by Kaushansky et al. (ibid). Such cells are a rich source of GM*CSF*specific mRNA. By 
removing the translation initiation and stop signals upstream of the sequence coding for the amino terminal 
residues of hGM*CSF. biologically active protein was expressed from the intact gene at high levels using an 
SV40 ori-based expression system in COS-t (African green monkey kidney) cells. When compared directly 
by Northern blot analysis, transiently expressing COS-I cells have approximately ten times higher levels of 

J5 GM-CSF-specific mRNA than lectm-stimulated lymphocytes and are thus a rich source of such mRNA. 
When a Xgtll cDNA library was prepared from the mRNA of these COS-l cells, it was found that 
approximately O.l*o of the independent recombinant cONA clones m this library were hGM^CSF-specific. All 
of the clones assessed demonstrated proper mtron splicing, and all of the clones sequenced contained a 
complete copy of hGM-CSF cONA. Finally, the cDNA directed the synthesis of higher levels of biologically 

40 active hGM-CSF, as compared to the genomic ONA. 

Once a complete cONA for hGM-CSF was obtained. site*directed mutagenesis (Zoiler and Smith. DNA 
3: 479-488. 1984) was used to alter the sequence. A double mutant was generated m a smgie reaction, 
resulting in cONA coding for a poiyoepttde which could no longer be N*glycosyiated at either naturally 
occurring site. Additional mutagenesis generated mutants which could no longer be 0-giycosylated and 

w5 mutants which lacked both forms of carbohydrate. Single glycosylation sites may also be removed 
individually. By altenng the Asn residues at the N*iinked glycosylation sites (sequence Asn-X-Ser Thr. 
wherein X ts any ammo acid) to another ammo acid residue, glycosylation may be blocked, it is particularly 
preferred that the Asn residues be changed to Gin residues. Asn may also be changed to Ser or Thr 
Additionally other alterations tn the sequence may be introduced for the purpose ol blocking glycosylation 

^0 of the encoded orotem For ecampie. a proline residue in the second position of the sequence Asn-x- 
Ser Thr may prontbtt glycosylation (Marshall. Biochem. Soc. Symp. 40: 17-26. i974> Other substitutions may 
also t^e mace at this oosition The third ammo acid of an N-iinked glycosylation site may atso be changed, 
creferaoi/ to Aia. C/s. Giy Asn or Gin. 0-imked carbohydrate chains are imked to a serine or threonine 
residue, which t% ysuaiiy Manked t>y D^oime. 0-imked glycosylation can be blocked by substituting another 
ammo acid, oreferaoiy alanine, for the serine or threonine, or by substituting another ammo acrd for the 
flanking proline 

Because the caroohyirate oortionis) of glycoproteins may contribute to survival of those protems m the 
circutaiion. »t may in some mstancos be oroferred to retain some of the carbohydrates The mveniors have 
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found, for instance, that where the 0-iinked carbohydrate is retained on a protein *hich lachs N-iinked 
carbohydrate, the resultant protein has the enhanced activity of the fully unglycosyiated protein and may 
have enhanced survival m circulation, in addition, retention of a single N-iinked carbohydrate side chain may 
enhance the efficiency of production of the protein m recombinant cell culture. Thus, a molecule altered so 
as to retain only 0-iinked carbohydrate or 0-iinked carbohydrate and one N-iinked carbohydrate may 
provide significant advantages over both the native GIWI-CSF and the fully unglycosyiated protein. 

The mutagenized cDMA seouences were then inserted into an exoression vector and e»oressed in 
transtectfd COS-I (ATCC CRL 1650) cells. Other cultured mammalian cell lines, including the BHK (ATCC 
ecu 10). 293 (ATCC CRL 1573). CHO (ATCC CCL 61). J558L (ATCC TIB 6) and BHK tk'ts 13 (Waechter and 
Baserga. Proc Natl Acad. Sci. USA 79: II06-IIIO. 1982) cell lines, as well as other types of host cells, may 

also be used. , 
Expression vectors or expression units for use in mammalian ^eiis include a promoter capable or 
directing the transcription of a cloned gene introduced mto a mammalian cell. Particularly preferred 
promoters mctude the SV40 (Subramam et al. Mol, Cell Biol, I. 854-64. 1981). MT-l (Paimiter et al.. Science 
222: 809-814. 1983). and adenovirus 2 maior late promoters. The expression vectors may also contain a 
potyadenylation signal, located downstream of the insertion site for the ONA sequence to be expressed. 
Viral polyadenylation signals are preferred, such as the early or late potyadenylation signals from SV40 or 
the polyadenylation signal from the adenovirus 5:Elb region. Expression vectors may also include RNA 
splice sites and a viral leader sequence, such as the adenovirus 2 tripartite leader, located bet-een the 
promoter and the RNA splice sites. Preferred vectors may also include enhancer sequences, such as the 
SV40 enr ancer. 

Cloned DNA sequences may then be introduced into cultured mammalian cells by calcium phosphate- 
mediated transfection (Wigier et al.. Cell i40: 725. 1978: Corsaro and Pearson. Somatic Cell Genetics 7 603. 
1981: Graham and Van der Eb. Virology 52: 456. 1973) or eieclroporation (Neumann et al.. EMBO J, I: 841- 
845. 1982). A portion of the cells take up the DNA and maintain it inside the cell for several days. A small 
fraction of the cells (typically I in 10* cells) integrate the DNA into the genome or maintain the DNA m non- 
chromosomal nuclear structures. In order to identify these integrants, a gene that confers a seiectabi 
phenotype (a selectable marker) is generally introduced along with the gene of interest. Preferred selectable 
maikers include genes that confer resistance to drugs, such as G-418 and methotrexate. Selectable markers 
may be introduced irito the cell on a separate ptasmid at the same time as the gene of interest or they may 
be introduced on the same piasmid. A preferred selectable marker is the gene for resistance to the drug 
methotrexate, it may also be advantageous to add additional DNA. known as "earner DNA." to the mixture 
•.vhich IS introduced into the ceMs. After the ceils have taken up the DNA. they are allowed to grow for a 
period of time, typically i-2 days, to begin expressing the gene ot mie.est. Drug selection is then aopi-ed to 
select for the growth of cells which are expressing the selectable marker m a stable fashion. Clones of such 
cells may be screened for expression of the protein of interest. 

Eukaryotic microorganisms, such as the yeast Saccharomyces cerevisiae or filamentous fungi, including 
Aspergillus , may also be used as host ceils Particularly preferred species of Aspergillus include A. 
niduians. A riter A ory;ae . and A torreus . Techniques (or transforming yeast are described by Beggs 
I Nature 271 i04To8"i987) E«oression vectors for use m yeast include YRp7 (Siruhl et al.. Proc. Natl Acad, 
ScruSAT6. 1035-1039. i979>. YEpi3 (Broach et al.. Gene 8: 121-133. i979). pJDB248 and pJDB2l9 (Beggs. 
Zic)~7^(3 derivatives thereof. Such vectors will generally comprise a selectable marker, such as the 
-utritionai marker TRP. /vhich allows ceiection m a host strain carrying a t_roi mutation. Preferred promoters 
'r., .n yeast exp'ession vectors mciude promoters from yeast glycolytic genes iHitjeman et al . £ B;oi_ 
O-om 255 12073-12080. i980: Aiber and Kawasaki. J_ Moi, Aooi Genet i. 419-434. i982; Kawasaki. U S. 
Pat^ No 4 599 3111 or alcohol dehydrogenase genes (Young et al.. m Genetic Engineering of Microorqan- 
■srr.s <or Chemicals . Hoiiaender et al.. eds . p. 335, Plenum. New York. i982: and Ammerer. Metfv m 
E^/moioqy [Ol i92-20i. !983). To avoid the presence of an N-termmal methionine residue, facilitate 
cufiiicaiion and avoid potential toxic effects of the foreign orotem on the yeast ceils, it is preferred that a 
'ignai sequence from a yeast gene encoding a secreted orotem be included m the expression vector. A 
particularly prelerred signal sequence is the pre-cro region of the Mf i gene (Kurian and Herskowitz. Cell 
30 933-943. 1982) Signal sequences rnay also bo oDtamod (rom other yeast genes such as PH05 - 
HTlten itional Patent ADpHcanon WO 8600637) .ind the gone onco-img a-tactor lEP '23 289) Aspergillus 
-xecies Tiay be transformed according to Known orocertures. 'or e«ampie that of Yeiton et ai (P^oc Nati, 
Ar.ad Sc . USA 81 1740-1747. ■984> 

fhrprotoms of the present invention are c'Oferabiy isolated from the host ceil culture media by 

.fT>m...ioaltiniti rhromalogr.nohy 'onowo-i by HPLC. although other ;orventionai techniques may be em- 
'■..v:'! Puriiication may t-i monitorf-i ..cmg .jrj i.iot assavs or ra.jio-mmure assays /vhich utiii;:^ anti-GIVt- 
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CSF antiserum, and activity may be assayed by bone marrow colony-forming assays. Product punty is 
preferably assessed by SOS polyacryiamide gel electrophoresis with silver, staining and ammo acid 
sequence analysis. 

The mutated cONAs were transcribed in cultured COS-i cells at levels similar to the wild*type cDNA. 

s and the recombinant polypeptides produced were demonstrated to lack terminal mannose residues by 
chromatography over concanavalin A agarose. When the relative specific activities of the mutant recom- 
binant proteins were assessed in vitro , it was found that polypeptides lacking N-linked carbohydrate had 
approximately six-fold higher specific activity. The functional properties of the recombinant mutant proteins 
were then compared to those of the native growth factor. Using whole agar cultures and cytochemistry, the 

10 distribution of cell types stimulated by the native and non-glycosylated forms of hGM-CSF were shown to 
be similar. Furthermore, by dose-response analysis, both forms were equally able to stimulate the growth of 
megakaryocyte colonies and. m the presence of erythropoietin, erythroid bursts. In addition, in vivo studies 
demonstrated that certain of the mutant proteins had increased plasma half lives. 

From these studies, it is clear that carbohydrate addition is not necessary to allow the full range of 

'5 progenitor cell stimulation provided by native hGM-CSF m vitro . In addition, the recombinant proteins 
lacking N-linked carbohydrate were able to inhibit the migration of mature neutrophils toward the chemoat- 
tractant fMet-Leu-Phe. 

The following examples are offered by way of illustration and not by way of limitation. 

20 

EXAf^PLES 

Example l - Cloning of GM-CSF cDNA: 

25 A genomic done encoding human GM-CSF (hGM-CSF) was obtained as described by Kaushansky et 
al. f Proc. Natl. Acad. Sci. USA 83: 3101-3105. 1986). Briefly, a once-amplified xCharon 4A phage library of 
human genomic DNA was screened using a 70 base oligonucleotide probe denved from the murine and 
human GM-CSF ammo acid sequences. Positive clones were plaque-purified and analyzed by restriction 
analysis and plaque hybridization. Three clones were found to hybridize to additional probes to the 5' and 3' 

30 ends of human GM-CSF cDNA (Wong et al.. tbid). These clones were found to be identical and wer 
•designated xhGM-CSF 

The GM-CSF genomic clone was then subctoned into the mammalian cell expression vector pD5 and 
used to transfect cultured COS-I cells pD5 is an SV40 on-based plasmid vector that permits the expression 
of exogenous genomic and cDNA fragments under the control of the aoenovirus maior late promoter. p05 

35 also comprises an adenovirus tripartite leader sequence, an SV40 enhancer, the polyadenyiation signal 
derived from adenovirus, and a unique Bel I cloning site in the vector pML-l (Lusky and Botchan. Nature 
293 : 79-81. 1981). The construction of pD5' is described in Example 4. 

To prepare the expression vector, the 2,6 kb Bst Ell Eco Rl fragment from xhGM-CSF. containing only 
the region from the TATA box to the polyadenyiation signals, was subcioned into the Bel I site of pD5' and 

JO used to transfect COS-I cells (Graham and Van der Eb. Virology 52: 456. i973) The three-day COS-l cell 
supernatants were assayed for biologically active hGM-CSF by standard human bone marrow culture 
(Kaushansky et al., ibid). The expression vector, designated pDgGMII. directed production of 1.9-2.9 x 10* 
U ml hGM-CSF. 

Poly A-containing RNA was prepared from transfected COS-I cell RNA by chromatography over oligo 
<; dT cellulose. Double stranded cONA was prepared by a modification of the RNase H ONA polymerase I 
method (Gubier and Hoffman. Gene 25: 263-269. 1983) adapted to the production of a xgtll phage library. 
Five ug of poly (A) RNA were used to prepare 2.5 ug of first strand cDNA by reverse transcriptase using 
otigo dT priming. RNAse H and DNA polymerase were used to synthesize second strand cDNA. After blunt- 
ending the cDNA molecule with T, DNA polymerase. 2 ug of double-stranded cDNA were iigated to an 
50 equal mass of Eco Rl linkers. The reactants were digested with Eco Rl and the cDNA was separated from 
tinker monomers by gel filtration chromatography. 560 ng of cDNA was recovered from the void volume of 
the column. cDNA was itgated to an equimoiar amount of xgtll which had been prepared by digestion with 
Eco Rl and troated with calf alkaline phosphatase. The ONA m the ligation mix was packaged using a \ 
phage paci<agtng e^uacl. 

'.5 Of the 5 j< '0 recombinants prepared from 37 ng of cDNA. 3 « 10* were screened. Phage were 
transler'od to nitrocellulose and prehybndtjed tUHnch et al.. EMBO 3. 361-364. I980). The filters -were 
hybrtdtied /vith !0' cpm ml of a ntck-transiated 540 bp Sst I human GM-CSF genomic fragment as probe 
and washed m 02 / BSC. O.l'o SDS at 65'C for 60 minutes. Overall. 248 plaques hybndiied strongly with 
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the nick-translated genomic probe under the very stringent wash conditions used, suggesting that approxi- 
mately O.i*o of the clones contained cDNA for hGM-CSF. 

Six cONA clones were plaque-purified and phage ON A was prepared from liquid cultures (Mamatis et 
al.. Cell 15: 687-701. i978) and subctoned into the Eco fli site of pUCl3. One plasmid was selected and 
5 designated pUCcGfs/t. The cloned cDNAs were also subcloned mto Mi3mpi8 and Ml3mpi9 for sequencing 
by the dideoxynucleotide chain termination method (Sanger et al., Proc. Natl. Acad. Sci. USA 74: 5463- 
5467. 1977). All SIX clones contained a single open reading frame and their sequences matched that 
previously published (Wong et al., ibid: Lee et al.. Proc. Natl. Acad. Sci. USA 82: 4360-4364. I98S» for 
human GM-CSF cDNA clones. 
ro One cDNA was subcloned into the mammalian expression vector pDX and used to transiently express 
hGM-CSF. Expression vector pDX was derived from pOS' as described in Example 48. A 593 bp Sst I Nco I 
fragment from the cap site to the middle of the 3' untranslated region containing the entire GM-CSF coding 
sequence was removed from pUCcGM. The cDNA restriction fragment was blunted with T. polymerase, 
ligated to Eco Rl linkers, digested with Eco Rl and subcloned into the unique Eco Rl site of pOX. The 
^5 resultant plasmid was designated pOcGMl. Pfasmid DNA was transfected into COS-i cells by calcium 
phosphate precipitation (Graham and Van der Eb. ibid). Culture medium (Duibecco's modified essential 
medium, supplemented with antibiotics and either iO*"o fetal calf serum [FCS] or a serum-free supplement 
containing I ug ml fibronectin. IQ ugmi transfernn. 5 ug ml insulin and IS nM seienous acid (Collaborative 
Research!) conditioned by the transfected COS-l cells was harvested after 3 days of incubation at 37»C 
20 under 7% CO, and assayed for biologically active GM-CSF as described in Example 3. 

The serum-free supernatants from COS-i ceils transiently expressing the native or mutant GM-CSF 
cDNAs were concentrated by ultrafiltration and applied slowly to 5 ml columns of concanavalin A agarose (I 
cm X 7 cm) previously equilibrated with 20 mM Tris pH 7 4. 150 mM NaCI. I mM MnCI?. I mM CaClt. and I 
mM MgCI,. The columns were washed with 5 column volumes of the same buffer and bourd glycoproteins 
^5 were eluted with buffer containing 0.4 M or-methylmannoside (oMM). Samples were dialyzed against several 
changes of PBS and assayed for biologically active hGM-CSF as descnbed m Example 3. When compared 
to the genomic expression vector pDgGMll. the cONA directed the synthesis of 4.foid more recombinant 
hGM-CSF, or about I x 10* U ml of serum-contamtng culture medium. 



30 

Example 2 - Site-Specific Mutagenesis: 

The human GM-CSF cDNA was modified by site-directed in vitro mutagenesis (Zoiler and Smith. DNA 
3 479-488. 1984) to remove the five glycosyiation sites. 

J5 Plasmid pUCcGM. containing the human GM-CSF cONA. was cut with Eco Rl to isolate the 0.9 kb 
cONA insert. This fragment was iigated mto Ml3mpta. which had been linearized by digestion with Eco Rl. 
Site-directed tn vitro mutagenesis (ZoMer and Smith, ibid) was performed on the resultant phage (MI3cGMI) 
using oligonucleotides synthesized on an Applied Biosystems model 380A DNA synthesizer and purified by 
polyacrylamide gel electrophoresis on denaturing gels. The mutagenesis to change the N-imked glycosyla- 

40 tton sites at am no acids 44 and 54 (ammo acids are numbered as shown m Figures i-3) was earned out 
using oligonucleotide ZC556 ('GCQTCTCCTGCAACTGAGTAGAG^ ) to change the asparagine at ammo 
acid 44 to glutamine and oligonucleotide ZC555 ('TGCTGAGATGCAAGAAACAGTAG- ) to change the 
asparagine at ammo acid 54 to glulamme together with the oligonucleotide primer ZC87 (* TCCCAGT- 
CACGACGT- ). The double mutants were screened 1)y probing plaques with each '-p end-»abeiied 
oligonucleotide using wash conditions stringent enough (3M tetramethyiammomum chloride [TMACI] at 
62'C) to allow only 21 or 22 base matches to retain a hybridization signal (Wood et al.. Proc Natl. Acad. 
So. USA 82: 1585-1588. 1985). Approximately 60 phage hybridized to either probe independently, while only 
three hybridized to both probes. Positive clones were sequenced from the translation start site through the 
mutagenized sites to confirm the mutations The positive clone was designated MI3-555-556. To remove 0- 

?o linked glycosyiation sites, phage MI3-555-556 and MiScGMI were subjected to site-directed m vitro 
mutagenesis using oligonucleotide ZC867 (' ACCCGCCCGCGCACCCGCACCCGCAACGCAGCCCT^Tlo 
change the serine codons found at oositicns 22. 24 and 26 to alanine codons. The mutagenized ohage were 
screened as described above wttn wasrmg at 75 'C m 3M TMACI. In this way. mutant cDNA clones which 
contain oniy O-tmked only N-imked or none of the known carbohydrate addition sites /vere generated. 

.5 Positive '■Jones /vere seouenced ^om the translation start site through the mutagenized sites to confirm the 
mutations The clone tcntammg :v\ Uw^ mutagenued Sites ^as designated MI3-555-556-867. that containing 
only O-hnked sites /vas losigratod Mi3-555-556 and the clone contammg only N-imked sites >vas 
'iJosignaieo MI3-367 
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Replicative form DNA was made from the phage clones MI3-555-558. MI3-555-5S6-867 and MI3-887, 
The DNA was cut with Eco Rl to isolate the 0.9 kb fragments from each phage clone. The 0.9 kb fragment 
isolated from MI3-555-556 was ligated mto pUCI3 linearized by digestion with Eco Rl to generate plasmid 
PUCCGM555.558. The 0.9 kb fragment isolated from MI3-555-556-887 was ligated into pUCI3 linearized by 
digestion with Eco Rl to generate plasmid pUCcGMjjs.ssa^e?- The 0.9 kb fragment from MI3-867 was 
inserted into pUCl3 to construct pUCcGM867. As these piasmids contained 211 base pairs of pD3*denved 
seauences upstream of the GM-CSF coding region, the plasmid-derived seouences were removed by 
cutting with Sst I. blunting with T* DNA polymerase, ligating to Eco Rl linkers and cutting with Eco Rl. The 
resultant fragments were subcloned into pDX to produce pDcGMII (-N), pOcGMIII (-0). and pDcGMIV (-N. 
•0). The mutagenized DNA sequences and the encoded ammo acid sequences are shown m Figure I (-N) 
and Figure 2 (-0. -N). Subsequent analysis showed that mutant GM-CSFs III and IV contained an 0-iinked 
site at threonine number II. This site was found to be glycosylated in about 50% of the recombinant protein 
molecules. 

To determine if biologically active hGM*CSF was expressed by the altered cDNAs. pDcGMtl. pDcGMIll 
and pDcGMIV were transfected separately into parallel cultures of COS-I cells and compared to control 
transfections with pDcGMI. RNA was obtained from cells two days later and culture media were obtained 
from separate cultures after three days. The GM-CSF-specific mRNA levels where shown to be equivalent 
for all cONA species, but varying amounts of biologically active recombinant GM*CSF were detected by 
bioassay. 

In a similar manner, the N-iinked glycosyiation site at Asn 44 was removed. Phage Mt3cGMI was 
mutagenized using oligonucleotides ZC556 and ZC87. The resultant phage clone was designated MI3-S56. 

Replicative form DNA was prepared from MI3-556 and the altered GM-CSF sequence was subcloned 
into pDX as descnbed above. The resultant expression vector was designated pDcGMV. The sequences of 
the cDNA insert and the encoded protein are shown in Figure 3. 



Example 3 ; Analysis of Proteins : 

To biochemically demonstrate the elimination of carbohydrate m the mutant polypeptides, the recom* 
30 binant human GM-CSF preparations were analyzed by affinity chromatography. Serum-free COS-I cell 
supernatants were applied to a concanavahn A agarose column. A 2 ml column (6 mm x 80 mm) of 
concanavalin A agarose was equilibrated m 20 mM Tns pH 7 5 150 mM NaCM mM CaOrl nriM MgClrl mM 
MnCI,. Media conditioned by COS-i ceils transiently expressing the cDNA for native human GM-CSF or the 
modified GM-CSFs was applied siowiy iQ.2 ml mm) and the column was washed with equilibration buffer. 
3S Material bound to the column was eiuted with 0 4 M a-methyimannosiue m equilibration buffer. The starting 
material, pass-through, wash, and etution fractions were diaiyzed against PBS. filter-stenlized. and assayed 
for GM-CSF by colony formation. As shown m Table I. significant amounts of native GM-CSF and protein, 
which no longer contains 0-itnked carbohydrate bound to concanavalin A agarose and could be eiuted from 
the column. In contrast, both mutant GM-CSF species lacking N-iinked carbohydrate failed to bind to 
40 concanavalin A agarose, and no growth factor could be eiuted from the column. Results in Table I are 
expressed as the oercentage of units applied recovered m the oass and wash and m the eiuted fractions. 



TA8LF T 



Med 1 u rn 

pHcCMI (native) 

w pDcGMll (-N) 

pncCMTTJ (-0) 

pUcGlilV (-N-0) 



Non-JBound 
70 
100 
71 
100 



Bound and Eiuted 
30 

0 
29 

0 



?5 



Next, to assess the relative specific activities of the vanous forms of GM-CSF produced by the mutant 
e^Drescion vectors, the conditioned media were analyzed immunologically A rabbit antiserum ^as raised 
against a i5 residue synthetic peptide coupled to keyhole nmpet hemocyanm This antiserum recognizes a 
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region of GM-CSF far removed from the carbohydrate addition sites. The antiserum binds as mtensety to 
highly ounfled native GM-CSF as to the same amount of protein fron which the carbohydrate has been 
removed enzymatically. Using this antiserum, the recombinant mutant and native proteins present in equal 
biologically active amounts of medium conditioned by transfected COS-i cells were analyzed. As shown in 
Figure 5, significantly less immunoreactive protein accounts for this activity m the polypeptides which lack 
N-linked carbohydrate than ^n the native form of hOM-CSF. 0-iinked carbohydrate does not affect th 
relative specific activity of these proteins to a significant degree. Finally, to ouantitate these finomgs. serial 
dilutions of conditioned media were analyzed by Western blots using '^^l goat anti-rabbit antiserum as a 
second antibody. After autoradiography, the hybridizing proteins were cut from the blot and counted. Siw 
fold greater amounts of hematopoietic activity were present in the two N-linked carbohydrate*deficient 
growth factors than in an immunoreactive equivalent amount of native GM-CSF. Given that native human 
GM-CSF has a specific activity of approximately 8 x lO' units mg. the N-linked carbohydrate^eficient forms 
of the protein have specific activities in excess of 4 x lO* units mg. 



Functional Analysis of Recombinant Proteins 

Limiting dilutions of serum-free COS-l cell supernatants were assayed for their ability to stimulate 
granulocyte and or macrophage colony growth m semisolid culture. In five separate experiments, there were 
no significant difference between the maximal number of granulocyte and macrophage (GM) colonies 
produced by the native and the mutant forms of recombinant human GM-CSF. When the GM colonies were 
evaluated for cell type by cytochemistry, a similar distnbution of neutrophils, eosinophils and monocyte- 
macrophage containing colonies developed (Table II). Bone marrow cells were prepared as described 
(Bagby et al.. J. Ctin. Invest. 68: 56-€3, 1981). except they were made semisolid with 0.3% agar. Whole 
cultures were fixed, stained for chloroacetate esterase and counterstained with toluidine blue. The data 
represent the results of tnplicate plates containing a total of over 200 colonies for each form of GM-CSF 
and are expressed as the percentage of colonies containing each cell type. There were no significant 
differences when cultures were stimulated with varying concentrations of recombinant growth factor, or 
wfien colony size or cellular composition were analyzed. 

TABLE II 

pDcCMI pDcGMII pDcCMIII pDcGMIV 
Native { N) (-0) (-N-0) 



Medium: 
Ceil Type 



Experiment 1 

Neutrophil 67 71 

Hosinophil 17 16 

Monocyte 56 52 

txpcrimenL 2 

NGutrophli 5b 43 si 

l::oainophal no 47 44 

Monocyte 32 29 39 



Finally, both the mutant and the native recombinant proteins Aere capable of supporting the growth of 

. 1046 R8214253 



0 276 846 



megakaryocyte colonies and erythroid bursts. Spent culture nnedia from transfected COS*l cells were plated 
at 1% final concentration m bone marrow coiony-formmg assays. Controls include sham transfected COS-i 
cell-conditioned medium and l"'o PHA stimulated lymphocyte-conditioned medium (PHA-LCM). As shown m 
Table III. concentrations of either recombrnant native or mutant unglycosylated GM-CSF which would half- 
5 maximally stimulate GM colony formation were equal in their ability to maximally stimulate the growth of 
megakaryocyte colonies and erythroid bursts. The data represent the mean number of colonies formed it 
SEM) in a typical experiment plated m triplicate, and have been reproduced three times. 



tabu: rii 



Medium Co lony Number* 



»5 




Granulocyte** 


Fpythroid 








Macrophaqe 


Hursts 




yocytcs 


10 


Sham transfected 












COS-1 CM 


3.0 i 1.1 


3.4 ♦ 


0.9 


0 




PHA-LCM 


43.0 * 3.0 


28.0 t 


2.0 


2.0 1 0 




Native cDNA 


29.0 + 3.0 


26.0 ± 


1.0 


3.3 1 0.7 


Mutant cONA 












pDcGMlI (-N) 


31.0 + 5.0 


29.0 i 


4.0 


2.3 ♦ 0.9 


30 


pDcGMiri (-0) 


29.0 + 3.0 


1.9.0 + 


3.0 


N.n. 




pUcGMIV (-N-0) 


36.0 + 2.0 


22.0 1 


2.0 


N.O. 



*N>D. = not done 



Biological Assay for GM-CSF 

40 Bone manow cells, obtained from normal human volunteers with their informed consent, were frac- 
tionated on a Ficoii-hypaque density gradient (sp gravity 1.077). Low density cells were depleted of 
adherent cells by double plastic adherence and of T cells by E-rosetting (Bagby et al.. Clin. Invest. 68: 
56-63, t98l>. Fifty ^o one hundred thousand cells were cultured tn a medium in the presence of I5®« fetal calf 
serum (FCS). antibiotics. 0 9'« methyicetluiose. and up to iO*o of the material to be assayed. Cultures were 

4S incubated for i3 days m a humidified atmosphere containing COj and granulocyte-macrophage colonies 
were enumerated by inverted microscooy Each exoenment described represents the mean of triplicate 
cultures. Fifty units (U) of human GM-CSF is defined by the dilution which stimulates half-maximal colony 
formation, compared to an optimal concentration of phytohemagglutinm-stimuiated lymphocyte conditioned 
medium (PHA-LCM). For the growth ol megakaryocyte colonies. 25'b human plasma was substituted for 

50 FCS (Kimura et al.. X Cell Physiol ti8; 87-96. i984). and for the growth of erythroid bursts and mixed cell 
colonies {Powell et al.. Br J. Haematol . 51. 81-89. t984) one unit of recombinant erythropoietin <Amgen. Inc.) 
>vas added on day 4 of culture Ootimai stimulation was provided by i*© PHA-LCM. For morphological 
analysis, cultures were made semisolid with 0 S'o agar, fued and stamed for chioroacetate esterase and 
cojnterstamed with totuidme blue. The cotonies were enumerated and scored by direct microscopy. 
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Example 4A ■ Construction of pD5 

Plasmid p05. which connprises the SV40 enhancer and the adenovtrus 2 maior late promoter and 
tripartite leader, was generated from piasmid pDHFRlll (Berkner and Sharp. Nuc. Acids Res. I3: 841-847. 

5 1985). The Pst I site immediately upstream from the DHFR sequence m pOHFRlll was convened to a Bam 
HI site by digesting 10 ug of plasmid with 5 units of Pst I for lO' at 37'C m lOO ul buffer A <I0 mM Tns pH 8. 
10 mM MgCl,. 6 mM NaCl, 7mM -MSH). The DNA was phenol extracted. EtOH precipitated, and resus 
pended in 40 ul buffer B (50 mM Tns pH 8, 7 mM MgCI,. 7 mM -MSH) containing 10 mM dCTP and i6 units 
T, DNA polymerase and incubated at I2'C for 60 mmutes. Following EtOH precipitation, the DNA was 

JO ligated to 2,5 ug kinased Bam HI linkers m 14 ul buffer C (10 mM Tris pH 8. lO mM MgClj. l mM DTT. 1.4 mM 
ATP) containing 400 units T. polynucleotide ligase for I2 hours at I2*C. Following phenol extraction and 
EtOH precipitation, the DNA was resuspended m I20 ul buffer D (75 mM KCl. 6mM Tns pH 7.5. lO mM 
MgCl7. I mM DTT). digested with 100 units Bam Hi for 60 mmutes at 50 'C. then eiectrophoresed through 
agarose. The 4.9 kb DNA fragment containing p6R322 and vector sequences (10 ug> was isolated from the 

?5 gel. and ligated in lO ul buffer C containing 50 units T, polynucleotide ligase for 2 hours at I2'C. and used 
to transform E. coli HBIOI. Positive colonies were identified by rapid DNA preparation analysis, and plasmid 
DNA (desigaated pDHFR ) was prepared. 

Plasmid pDI was then generated by first cleaving pSV40 (25 ug) in lOO ul buffer D /rith 25 units Bel I for 
60 minutes at 50 'C. followed by the addition of 50 units Bam HI and additional mcubation at 37»C for 60 

20 minutes. Plasmid pDHFR' was linearized with Bam HI and treated with calf intestinal phosphatase. DNA 
fragments were resolved by agarose gel electrophoresis, and the 4.9 kb pOHFR' fragment and 0.2 kb SV40 
fragment were isolated. These fragments (200 ng pDHFR' DNA and tOO ng SV40 DNA) were incubated in lO 
ul buffer C containing 100 units T. polynucleotide ligase for 4 hours at 12 "C. and the resulting construct 
(pDI) used to transform E. coli RRI. 

2$ Plasmid pDl was modified by deleting the "poison" sequences in the pBR322 region (Lusky and 
Botchan, Nature 293: 79-81. 1981). Plasmids pDl (6.6 ug) and pML-l (Lusky and Rotchan. ibid) (4 ug) wer 
incubated in 50 ul buffer A with lO units each Eco Rl and Nru I for 2 hours at 37* C. followed by agarose gel 
electrophoresis. The 1.7 kb pDl fragment and 1 8 kb pML*i fragment were isolated and ligated together (50 
ng each) m 20 ul buffer C containing lOO units T« polynucleotide ligase for 2 hours at t2*C. followed by 

30 transformation into E. coli HBIOI. Colonies containing the desired construct (designated ppDl) were identified 
by rapid preparation" analysis. Ten ug of ppDl was then digested with 20 units each Eco Rl and Bgl II. in 50 
ul buffer A for 2 hours at 37'C. The DNA was eiectrophoresed through agarose, and the desired 2.8 kb 
fragment (fraqment C) comprising the pBR322. 3' splice site and poly A sequences was isolated. 

To generate the remaining fragments used m constructing pD5. pJHFRIII was modified to convert the 

55 Sac 11 (Sst II) site mto either a Hind ill or Kpn I site Ten ug pDHFRlll were digested with 20 units Sst II for 2 
hours at 37* C. followed by phenol extraction and ethanol precipitation. Resuspended DNA was incubated in 
100 ul buffer B containing tO mM dCTP and I6 units T, DNA polymerase for 60 mmutes at I2'C. phenol 
extracted, dialyzed. and ethanol precipitated. DNA (5 ug) was ligated with 50 ng kmased Hind III or Kpn I 
linkers m 20 ul buffer C containing 400 umts T, DNA ligase for lO hours at I2'C. phpnol extracted, and 

JO ethanol precipitated. After resuspension m 50 ul buffer A. the resultant piasmids were digested with 50 units 
Hind III or Kpn I. as appropriate, and eiectrophoresed through agarose. Gei-isoiated DNA (250 ng) was 
ligated m 30 ul buffer C containing 400 units T, DNA iigase lor 4 hours at I2*C and used to transform E. coli 
RRI. The resultant plasmids were designated pDHFRlll (Hmd III) and pDHFRlll (Kpn h. A 0 4 kb Eco Rl-Kpn 
I fragment (fragment A) was then purified from pOHFRlll (Kpn I) by digestion with Eco Rl and Kpn I followed 

-5 by agarose gel electrophoresis. 

The SV40 enhancer sequence was inserted mto pDHFRlll (Hmd 111) as follows; 50 ug SV40 DNA was 
incubated in I20 ul buffer A with 50 units Hmd III for 2 hours at 38*0. and the Hind III C SV40 fragment 
(5171-1046 bp) was gel purified. Plasmid pDHFRlll (Hmd III) HO ug) was treated with 250 ng calf mtestinal 
phosphatase for I hour at 37'C. phenol extracted and ethanol precipitated. The Imeanzed plasmid (50 ng) 

50 was ligated with 250 ng of the Hind 111 C SV40 fragment m f6 ul buffer C for 3 hours at I2'C. using 200 units 
L polynucleotide iigase. and tranformed mto E coii HBICI A 0 9 kb Kpn l-Bgi H fragment (fragment B) was 
then isolated from this plasmid 

For »he final construction of pD5. 'lagments A and B <50 ng each) were iigated with iQ ng fragment C 
with 200 units T, ooiynucieotide iigase (or 4 hours at 12" C. followed by transfection of E -^oii RRI. Positive 
colonies wore detected by rapid plasmid proparation and t^ndonuciease analysis, and a large-scale 
prepaiatton of pD5 was made (Figure 4i 
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E.xample 4B i Construction of pOX 

The vector pOX was derived fronn pDll and p05*. Plasmid pD5' is a vector identical to p05 except that 
the SV40 polyadenylation signal (i.e.. the SV40 Bam HI (2533 bp) to Bell (2770 bp) fragment) is m the late 

5 orientation (Figure 4k Thus. pDS* contains a Bel I site as the site of gene insertion. Plasmid pDH differs from 
p05 in that the Hind III (5171 bp in the SV40 genone) to Kpn I (294 bp m SV40) fragment, containing 
enhancer sequences, is m the opposite orientation. 

To generate pDX. the Eco Rl site m pDil was converted to a Bel I site by Eco Rl cleavage, incubation 
with SI nuclease, and subsequent ligation with Bel I linkers. ONA was prepared from a positively identifi d 

fo colony, and the 1.9 kt Xho l-Pst I fragment containing the altered restriction site was prepared via agarose 
gel electrophoresis. In a second modification. Bel l-cieaved pD5' was ligated with kmased Eco Rl-Bcl I 
adaptors (constructed from oligonucleotides ZC525. ' GGAATTCT3 and ZC526, *'GATCAGAATTCC- ) in 
order to generate an Eco Rl site as the position for inserting a gene into the expression vector. Positive 
colonies were identified by restriction endonuclease analysis, and DNA from this was used to isolate a 2.3 

rs kb Xho l-Pst I fragment containing the modified restriction site. The two above^escnbed DNA fragments 
were incubated together with T, ONA ligase^ transformed into E. coji IIBIOI and positive colonies were 
identified by restriction analysis. A preparation of ruch DNA. termed pDX. was made. 



20 Example 5 ; Expression of GM>CSF in BHK Cells 

BHK tk"tsi3 cells were transfected to express native GM-CSF and mutant GM-CSFs II and IV. Cultured 
cells were split by trypsin treatment, replated at i5''o density and grown for 24 hours in OMEM supplement 
ted with lO'o heat inactivated fetal calf serum and antibiotics. Ten ug of CsCI banded plasmid DNA 

^5 (pDcGMl. pDcGMII or pDcGMlV) was co-precipitated with I ug of the plasmid OHFR'^-pOS (a p05 -denved 
plasmid containing a methotrexate resistant DHFR gene [Levmson et al.. EP 117.060]) and with lO ug of 
sonicated salmon sperm DNA (as earner). The mixture was resuspended in I ml of 2 X Hebs buffer {\ gm 
HEPES. 1.6 gm NaCI. 0.07 gm KCI. 0 03 gm Na,HPO« •2H,0 per lOO ml. pH 7.05). One ml of 250 mM CaCi, 
was added to the solution slowly while bubbling air through it and a ONA-caleium phosphate precipitate was 

30 formed. The precipitate was added to the 24 hour culture of the BHK cells and allowed to incubate for 4 
hours. The culture supernatant was removed by aspiration and 2 ml ot 15 glycerol in TBS (50 mM Tns 
oH 7.5. 150 mM NaCD was added to the cells for two minutes. The glycerol solution was removed, the cells 
were rinsed m TBS without glycerol, and regular culture medium was added. After 3 days, culture 
supernatant was removed and assayed for biologically active GM-CSF and the cells were split by trypsin 

J5 treatment to 10% confluence. The cells were then mcubated m DMEM containing 10% heat inactivated, 
dialyzed fetal calf serum. t% antibiotics and I50 nM methotrexate. 

After I week of incubation, the medium was changed and the cells were mcubated for an additional 
week. Individual colonies were then isolated with cionmg cylinders and cells were removed by trypsin 
treatment. Tho cells were then incubated m 35 mm cultures m the same medium for I week, then split with 

40 trypsin into 100 mm plates. The cells were sequentially passaged by splitting to 10% confluence by trypsin 
treatment m the following conditions: 
250 nM methotrexate X 2 
I uM methotrexate X 2 
5 uM methotrexate X 2 

^•i 25 uM methotrexate X 2 
100 uM methotrexate X 2 

Following the last passage, the cells were grown to confluence m maxiplates m lOO uM methotrexate- 
containing medium and four plates were split mto a Nunc lO plate cell factory and grown to confluence. The 
cells were then transferred to DMEM supplemented with 0 5*o fetal calf serum and i'o antibiotics. 

^0 Recombinant GM-CSFs I. II and IV were purified from BHK ceii-conditioned media by a combination of 
immunoalfinity chromatograohy and high performance iiqu'd chromatography 

A monoclonal antibody to GM-CSF was diluted with an equal volume o' 2 X TNEN il M Tns pH 8 0. 5 M 
NaCl. 250 TiM EDTA. iO*^ NP-aO) and the solution was centnfuged at 30.600 x g for twenty mmutes. The 
oeiiet >vas Ctscarded and the supernatant was applied to a lO mi protein A-Sepharose column which had 

«5 been equilibrated in TNEN. The column was crashed A^ith 20 mi phosphate buffered saime (PBS) to remove 
unboui-.d material The column /vas eiuted A^tth 0 I M sodium citrate pH 3.0 and collected fractions were 
neutratu'od to pH 7 0 with Tns oH 8 3 Peak fractions, as determined by cellulose acetate electrophoresis 
/vere Dooiod and ■liaiyjed agamst Qi M NaHCO- 05 M NaCI pH 8 3. Protein yield was determined by 
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absorbance at 280 nm. 

A 20 ml immunoaffinity column was prepared by coupling 50 mg of purified antibody to CnBr-activated 
Sepharose (Pharmacia. Inc.. Piscataway, NJ) using conditions specified by the manufacturer, 

GM-CSF proteins were purified from concentrated media. Approximately 12 I of medium was con- 
centrated to approximately 400 ml using an Amicon RA2000 concentrator. The concentrate was applied to 
the immunoaffinity column and the column was washed with 30 ml of PBS containing 0.5 M NaCI. Bound 
material was eiuted from the column with 0.1 M glycine pH 2.5 Protein-containmg fractions were pooled. 

The affinity-purified GM-CSF was further purified by HPLC. The pooled material was loaded onto a C-4 
column and eluted at a rate of I ml minute using a gradient of I00% A (0.1% trifluoracetic acid (TFA) in H,0) 
at time 0 to 70*'o 6 (O.l«'o TFA in acetomtrile) 30% A at 35 minutes. Elution was monitored at 280 nm. Peak 
fractions were lyophilized and stored at -80 and aliquots were assayed by electrophoresis on I2% 
polyacrylamide gels. Lyophilized peak fractions identified from the gel were redissoived m lO mM acetic 
acid, pooled, aliquoted. lyophilized and stored at -BO'C. 
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Example 6 « Pharmacokinetics of Recombinant GM-CSF 

Punfied native (cGM I). 0-iinked carbohydrate-containing (cGMll) and carbohydrate-deficient (cGMIV) 
forms of recombinant human GM-CSF from transfected BHK cells were tested in baboons for circulating 
half-life and effects on blood cell counts. 

Three baboons were selected for study. To eliminate experimental error due to individual variations m 
metabolism, each animal was tested with each form of the protein at 5. 20. or 80 ug kg at one week 
intervals. In a second set of experiments the same animal was given all three dose levels of the sam 
preparation one week apart. This experimental design is set forth in Table IV. 



TABLE IV 



JO 



Animal 





Week 


1 


5 


V9/^9 


I 


20 


pg/kg 


I 


eo 


ug/kg 


I 


JS 


Week 


2 


S 




11 


20 


pgAg 


11 


80 


pg/kg 


II 


Week 


3 


S 


WA9 


IV 


20 


vgAg 


IV 


80 


w/kg 


IV 




Week 


4 


5 


Vg/kg 


I 


5 


vgAg 


II 


5 


pgAg 


IV 




Week 


S 


20 




1 


20 




II 


20 


U9/kg 


IV 


JO 


Week 


6 


80 


vg/kg 


I 


eo 


vgAg 


II 


80 


pg/kg 


IV 



50 



56 



For administration. HPLC-punfied GM-CSF (Examoie 5> was diluted tn autologous serum which had been 
heat-tnactivated by treatment at 56 'C for 30 minutes Animals were given a bolus miection over a one 
nninute period. 

To determine the haif-iive of the protein m the circulation, one cc plasma samples were obtained at 2. 4. 
6. 8. 10. 15. 20. 30. 40. 50. 60. 90. and i20 minutes after injection and GM-CSF concentration was measured 
by radioimmune assay. Murine monoclonal antibody to GM-CSF was diluted to 2.5 ug ml m Buffer A (0.1 M 
NaXOi pH 9 6. 0 02*0 NaNo and tOO ul of this solution was added to each well of a 96-wetl microtiter plate. 
The plates were incubated at 37*C lor at least 15 hour, then washed three times with 150 ulwell Buffer C 
(PBS containing 0 O5'o Tween-20. 0.02*« NaNo. The wells were then blocked by adding 200 ul Buffer B 
(PBS containing 2''« bovine serum albumin, 0 05*'a Tween-20. 0 02*b NaN.i and the plates were incubated 
at 37''C for at least i.5 hours. The buffer was removed and the wells ^^ere washrd three times with 150 ul 
Buffer C. Samples (10 ul plus 90 ul Buffer B) were then added and the plates were incubated at 37'C for at 
least I hour. The solution was removed and the plates were washed three times with Buffer C A second 
murine antt-GM-CSF monoclonal antibody labeled with "I was then add^d at tOO.OOO cpm well and the 
Diatos were mcubated at 37''C for at least I hour. The soiutirn vas removed, the weiis were washed three 
times with Buffer C and counted m a gamma counter Results, shown in Figures 6A. B and C. indicated that 
the mutant forms of GM-CSF have an increased haif-iife m the circulation, particularly at the higher doses. 
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The features disclosed in the foregoing description, in the claims and or m the accompanying drawing, 
may. both separately and m any combination thereof, be material for realising the invention m diverse forms 
thereof, 

5 

Claims 

I. A protein lacking N-linked glycosylation but having 0-linked glycosylation. said protein having higher 
specific activity than native human GM-CSF. 

fo 2. A protein having only one N-iinked carbohydrate chain, said protein having higher specific activity 
than native '>jman GM»CSF. 

3. A protein having the amino acid sequence of Rgure I. starting with alanine, number 18. and ending 
with glutamate. number 144. said protein having higher specific activity than native human GM*CSF. 

4. The protein of claim 3 wherein said protein is encoded by the DNA sequence of Figure I. from bp 52 
ts to bp 432. 

5. A protein having the amino acid sequence of Figure 2. starting with alanine, number 18. and ending 
with glutamate. number 144. said protein having higher specific activity than native human GM-CSF. 

6. The protein of claim S wherein said protein is encoded by the DNA sequence of Figure 2. from bp 52 
to bp 432. 

20 7. A protein having the amino acid sequence of Figure 3. starting with alanine, number 18. and ending 
with glutamate. number 144. said protein having higher specific activity than native human GM-CSF. 

8. The protein of claim 7 wherein said protein is encoded by the ONA sequence of Figure 3. from bp 52 
to bp 432. 

9. A method for producing a protein having higher specific activity than native human GM-CSF. 
25 comprising: 

introducing into a eucaryotic host cell an expression unit compnsmg a promoter followed downstream 
by a ONA sequence encoding a protein according to any of claims 1*8. said protein having higher specific 
activity than native human GM-CSF: 

growing said eucaryotic host cell in an appropriate medium: and 
70 isolating the protein product encoded by said ONA sequence and produced by said eucaryotic host 

cell. 

10. The method of claim 9 wherein said eucaryotic host cell is selected from the group consisting of 
mammalian, yeast, and Aspergillus host cells, 

II. A pharmacoutical composition comprising an effective amount of a protein according to any of claims 
3$ 1-8. said protein having higher specific activity than native human GM-CSF. and a physiologically acceptable 

earner or diluent. 

12. A protein according to any of Claim 1-8. for use as an active therapeutic substance. 
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qmCSP N-Llnked Sites Elialnated 

1 10 

ATG TOO CTO CAG AGC CTG CTG CTC TTO CGC ACT GTO GCC TGC AGC ATC TCT OCA 
Het Ttp Leu Gin Sec Leu Leu Leu Leu Gly The Val Ala Cys See He See Ala 

20 30 
CCC GCC COG TCG CCC AGC CCC AGC ACG CAG CCC TGO GAG CAT GTG AAT GCC ATC 
Pro Ala Arg See Pro See Pro See The Gin Peo Trp Glu His Val Asn Ala Zlo 

40 50 
CAG GAG GCC CGG CGT CTC CTG CAA CTG AGT AGA GAC ACT OCT GCT GAG ATO CAA 
Gin Glu Ala Acg Arq Leu Leu Gin Leu See Arq Asp The Ala Ala Glu Het Gin 

*** 

60 70 
GAA ACA GTA GAA GTC ATC TCA GAA ATG TTT GAC CTC CAO GAG CCO ACC TGC CTA 
Glu The Val Glu Val Zle See Glu Het Phe Asp Leu Gin Glu Peo The Cys Leu 

80 90 
CAG ACC CGC CTG GAG CTG TAG AAO CAG OGC CTO CGG GGC AGC CTC ACC AAG CTC 
Gin The Aeg Leu Glu Leu Tye Lys Gin Gly Leu Aeg Gly See Leu The Lys Leu 

100 

AAG GGC CCC TTG ACC ATO ATG GCC AGC CAC TAC AAO CAO CAC TGC CCT CCA ACC 
Lys Gly Peo Leu The Het Het Ala See His Tye Lys Gin His Cys Peo Peo The 

110 120 
CCO GAA ACT TCC TGT GCA ACC CAO ACT ATC ACC TTT GAA AGT TTC AAA GAG AAC 
Peo Glu The See Cys Ala The Gin The He The Phe Glu See Phe Lys Glu Asn 

130 140 
CTG AAG GAC TTT CTO CTT GTC ATC CCC TTT GAC TGC TGO GAG CCA GTC CAG GAG 
Leu Lys Asp Phe Leu Leu Val He Peo Phe Asp Cys Tep Glu Peo Val Gin Glu 

TOA 

FIG. 1 
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qmCSr N- and 0- Linked sites elialnated 
1 10 

ATO TOO CrO CAO AOC CTO CTO CTC TTO OOC ACT OTO OCC TOC AOC ATC TCT OCA 
Met Trp Leu Gin Sec Leu Leu Leu Leu Oly Thr Val Ala Cys Sec He Sec Ala 

20 30 
CCC OCC COC OCA CCC OCA CCC OCA ACO CAO CCC TOO OAO CAT OTO AAT OCC ATC 
Pro Ala Acg Ala Pco Ala Pco Ala The Oln Pco Tcp Olu His Val Asn Ala He 
*tt «tt 

40 SO 
CAO OAO CCC CGO COT CTC CTO CAA CTO AOT AOA OAC ACT OCT OCT OAO ATO CAA 
Gin Olu Ala Xrq Xtq Leu Leu Gin Leu Sec Ktq Asp The Ala Ala Glu Met Oln 

60 70 
CAA ACA OTA OAA OTC ATC TCA OAA ATO TTT OAC CTC CAO OAO CCO ACC TOC CTA 
Glu The Val Glu Val He Sec Olu Met Pha Asp Leu Gin Glu Pco The Cys Lea 

80 90 
CAO ACC COC CTO GAO CTO TAG AAO CAO OOC CTO COO OOC AOC CTC ACC AAO CTC 
Oln The Ae9 Leu Glu Leu Tyc Lys Oln Oly Leu ktq Oly Sec Leu The Lys Lao 

100 

AAG OOC CCC TTO ACC ATO ATO OCC AOC CAC TAC AAO CAO CAC TOC CCT CCA ACC 
Lys Gly Pco Leu The Met Met Ala Sec His Tyc L;** Oln His Cys Pco Pco The 

110 120 
CCO OAA ACT TCC TOT OCA ACC CAG ACT ATC ACC TTT OAA AOT TTC AAA OAO AAC 
Pco Glu The Sec Cys Ala The Oln The He The Phe Glu See Phe Lys Olu Asn 

130 140 
CTO AAG OAC TTT CTO CTT OTC ATC CCC TTT CAC TOC TOO OAO CCA OTC CAO OAO 
Leu Lys Asp Phe Leu Leu Val He Pco Pha Asp Cys Ttp Glu Pco Val Gin Glu 



TGA 

FIG. 2 
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fCSV ne N-linked Site eliminated 

20 ,Q 

SrS Jff CAO CCC TOO OKQ CAT CTO AAT OCC ATC 

Pro Ala Atg Ser Pro Ser Pro Set Thr Gin Pco Trp OlS SlI vli HI Jff m 

40 

§JJ St; j?j ss S2 St; j[™ fs ;s 22 S2 in li; 
sti St sti ti; n.* ?ti sr? js; s; - i?c «c 

80 

CAC ACC CCC CTO CAO CTO TAC AAO CAO CCC CTO CCO COG ACC CTC XCC X&fl eie 
Cln Tht Ar, Leu Clu Leu Tyt Ly» Cln Oly Leu Ix^ Sly JJ? JSS ^ SS 

100 

AAO COC CCC TTO ACC ATO ATO CCC ACC CAC TAC AAO CAO CAC TCC CCT CCX xer 
Ly. Oly Pro Leu Thr Met Met Ala Ser His Tyr Lya tin SfS Pr J 

^" 120 
CCO GAA ACT TCC TCT CCA ACC CAO ACT ATC ACC TTT OAA ACT TTC AAA Oka »»r 
Pro Olu Thr ser Cys Ala Thr Oln Thr lie Th? SJi S« S{2 Hin 

130 ... 
CTO AAO CAC TTT CTC CTT CTC ATC CCC TTT CAC TCC TIO CAO CCA CTC Cifl axa 
Leu Ly. A.p Phe Leu Leu V.l lie Pro Phe Asp Cya ?r? oil SI? oln SJ? 

TCA 

FIG.3 
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